There are limitations in approximating Eulerian statistics from surface drifters, due to biases from surface convergences. By contrasting second-and third-order Eulerian and surface drifter structure functions obtained from a model of the Gulf of Mexico, the consequences of the semi-Lagrangian nature of observations during the summer Grand LAgrangian Deployment (GLAD) and winter LAgrangian Submesoscale ExpeRiment (LASER) are estimated.
Introduction

42
The global expanse of the ocean paired with seawater's small viscosity permits motion over the use of climatological winds as in the simulations considered here rather than winds includ-113 ing synoptic and inertial variability influences significantly summer statistics, but only moderately 114 winter statistics. Therefore, detailed simulation analysis has been limited to the winter simulations, 115 which we deem most realistic. Within the winter runs, the pattern of release of synthetic drifters as 116 well as location from GLAD and LASER is imposed to robustly assess which of these distinctions 117 is most important, and a gridded large-scale release is performed to isolate the bias induced purely Second-order structure functions (Kolmogorov 1941; Lindborg 1999 Lindborg , 2007 der certain limits (Babiano et al. 1985) , and given their functionality and practicality for use with 124 irregularly-sampled data, they are often preferred and therefore the focus of this paper. As structure 
168
A set of drifter clusters was released to mimic the Grand LAgrangian Experiment (GLAD) and 
175
The deployment locations and patterns for both the gridded and cluster releases are shown in Fig-176 ure 1(a). The S-shape (GLAD-like) and clover (LASER-like) clusters include 90 and 300 particles, 177 respectively. A basic unit of S-shape and clover clusters is a triplet, and there is no fractal setup 178 for the clover clusters. Both clusters are deployed at the centered locations of West or GLAD S1 n-th order velocity structure function is defined as
Here h...i is an ensemble average, n refers to the order of the structure function (or equally the 205 power of the velocity differences, which are called increments in the turbulence literature), and 206 subscripts refer to either the longitudinal (L) or transverse (T ) velocity component.
Note that surface drifters are the target of this study, which means that all r separations are re-208 stricted to the horizontal, as are all measured velocity components. i.e., transverse versus longitudinal. Thus, the angle brackets will also be taken to average over x 218 and orientation of r, so r = ||r|| is the sole independent coordinate of the structure functions. It 219 is also assumed that over the three month window, stationarity holds, and therefore time averaged 220 statistics are used. These assumptions lead to the simplified form
Where g is the placeholder for either the transverse or longitudinal velocity component.
222
Theories predicting power law dependence of the second order structure function in turbulence cascades go back to Kolmogorov (1941) , and the kinetic energy spectrum equivalents are well 224 known (Webb 1964; McCaffrey 2015a provides the detailed procedure.
290
The null hypothesis is that the two samples, s 1 and s 2 , with size n 1 and n 2 respectively, are from
291
distributions with equal medians, tested against the alternative that the medians are not equal.
292
Both data sets are grouped into one larger set, S, with size N = n 1 + n 2 . S is ordered from largest 293 to smallest, and the rank corresponding to the position in the ordered dataset is noted for each (2015) is used to decompose the semi-Lagrangian velocities.
316
Stemming from the spectral approach to decompose the velocity field by Bühler et al. (2014),
317
Lindborg (2015) showed that similar techniques can be used to estimate the second order diver-318 gent and rotational structure functions from the second order transverse and longitudinal structure
and we employ this method to estimate the semi-Lagrangian rotational and divergent structure In preparation for integration, and solely for this purpose, the structure functions were first inter-327 polated using a cubic spline. The residuals (not shown) suggest a reasonable fit, and these interpo-328 lated curves were used as arguments for (5) 
where r min is the smallest observed scale, taken to be around 500 m, and the coefficients and pow-336 ers of r are found using the fit parameters from the observed scale power laws. by separation distance such that roughly every fourth bin was a factor of 10 increase in scale. ing homogeneity, between the second order structure function and the auto-correlation function:
. Thus, at a given separation r, if one is larger than the 365 other, it could be the result from larger average energy or decreased correlation, and vice versa.
366
The semi-Lagrangian second order structure functions for the gridded release (hereafter GSF2s, 367 green) and Eulerian second order structure functions (hereafter ESF2s, blue) are plotted in Figure   368 2. The ESF2s at each time step were bootstrapped to obtain a 95% confidence interval using 369 10,000 resamples, as indicated by shading. Striking is the similarity between the GSF2s and
370
ESF2s at large scales, and dissimilarity at smaller scales. Below about 10 km the GSF2s move 371 from scaling as r to scaling nearer r 2/3 , while the Eulerian statistics continue to scale as r. not sensitive to whether particles are deployed in a clover or S-patterns, so they are given the same 416 line-type in Fig. 3 . It is possible that these distinctions would be larger in simulations at higher 417 resolution, as the patterns are small when compared to the model grid, so advection differences are 418 only due to interpolation rather than turbulence on sub-kilometer scales. In our additional analysis
419
of the simulation at 150m horizontal resolution, we find the differences between the structure 420 functions are more pronounced, but are still weak compared to those from deployment location. Niño during LASER produced larger river discharge than during GLAD (https://waterdata. and underestimate the transition scale to a forward energy cascade regardless of dimensionality.
462
The large scale separations could be affected by the non-ergodic sampling imposed by the domain 463 boundary, but we assume these effects all occur on scales less than 30 km. Further, it should be 464 emphasized that even though some modeled (and observed) structure function slopes appear to be The divergent and rotational structure functions of the cluster releases are plotted in Fig. 5(a,b) .
488
A challenge of interpretation is that the Lindborg (2015) method frequently arrived at negative zones.
503
The divergent structure functions for the synthetic cluster trajectories were completely nega- the threshold for which we expect the divergent structure function to be negative.
525
If these concerns with the Lindborg (2015) method are put aside and the structure functions in in the model, perhaps indicating that forced variability (e.g., internal waves) or resolution limita-528 tions are significant. However, it is difficult to eliminate the possibility that the particular boundary 529 conditions chosen for the Helmholtz decomposition may be the source of these divergent motions.
530
The large discrepancy between modeled Eulerian and semi-Lagrangian rotational structure func- 
545
It is expected that curl and divergence structure functions will be flatter than the velocity struc-546 ture functions, as they are related through derivatives with respect to r when in power-law regimes. functions here are calculated by using means, in contrast to the medians used in the WRST.
796
The Eulerian structure functions found at each time step are bootstrapped with 10,000 re-
797
samples to obtain 95% confidence intervals, as noted by shading around them in (a) and 
